Background and objectives Tubulointerstitial nephritis and uveitis (TINU) syndrome is considered a rare cause of acute tubulointerstitial nephritis (ATIN) that is usually associated with renal recovery. This study sought to investigate the diagnosis, prognosis, and contributing factors of TINU syndrome using a large cohort of patients with prospective follow-up.
Introduction
Tubulointerstitial nephritis and uveitis (TINU) syndrome is regarded as a rare cause of acute tubulointerstitial nephritis (ATIN) (1) . It is defined by tubulointerstitial nephritis associated with uveitis that can either occur concurrently or precede or follow the onset of renal dysfunction (2) .
Since it was first documented in 1975 (3), .250 cases of TINU syndrome have been reported, with approximately 60% of cases occurring in children. The renal prognosis has been considered to be favorable, although this was largely based on case reports or retrospective studies of a small number of patients (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) . The long-term outcome of TINU syndrome, especially in adults, has not been well studied. We investigated the diagnosis, prognosis, and factors affecting patients with TINU syndrome in a prospective cohort of patients with biopsy-proven ATIN.
Materials and Methods

Patients
This study was approved by the Committee on Research Ethics of the Peking University First Hospital. A prospective cohort of ATIN was established in 2007 and patients who had a biopsy were included in the study cohort and followed regularly for at least 12 months (n=112). Ophthalmologic consultations were performed at the time of biopsy and every 3-6 months thereafter for each patient. The diagnosis of TINU syndrome was made based on the criteria described by Mandeville et al. (2) . Patients who were aged ,16 years and those who had concurrent glomerular diseases, systemic autoimmune diseases, or infectious diseases were excluded from the study.
Sixty-one patients with drug-induced ATIN (DATIN) from the ATIN cohort were included for comparative analysis. The diagnosis of DATIN was made according to previously described criteria (17) . Each patient was followed for at least 12 months to exclude the possibility of autoimmune diseases or TINU syndrome.
Evaluation of Clinical Parameters
Renal function was evaluated by serum creatinine (SCr) measurements and the estimated GFR (eGFR) was calculated using the Modification of Diet in Renal Disease study equation (18) . Tubular dysfunction was identified by renal glycosuria, elevated levels of urinary N-acetyl-b-D-glucosaminidase (NAG) and a1-microglobulin (a1-MG), and decreased urine osmolality. Levels of urinary NAG and a1-MG were measured by immune transmission turbidity and spectrophotometric methods, respectively. Systemic inflammation was evaluated by erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP).
Histologic Examinations
Renal biopsy was performed in all patients. Kidney sections were processed for light microscopy, electron microscopy, and immunofluorescence examination. Semiquantitative scores were developed for classifying the interstitial inflammation, fibrosis, tubulitis, and tubular atrophy according to the Banff working classification (19, 20) . An activity index was calculated by adding the scores for interstitial inflammation and tubulitis. The chronicity index was the sum of the scores for interstitial fibrosis and tubular atrophy. Infiltrating cells were identified by immunofluorescence staining with antibodies against-CD3 (T lymphocytes), CD20 (B lymphocytes), CD38 (plasma cells), CD68 (monocytes/macrophages), and neutrophil elastase (neutrophils). Eosinophils were detected with hematoxylin and eosin staining.
Assay of mCRP-Ab
Autoantibodies against modified CRP (mCRP-Ab) were detected by ELISA as previously described (21) . For each sample, the binding of the tested serum was expressed as the percentage of a known positive control serum. Sera from the normal controls were from 50 ethnically matched, voluntarily recruited, and selected Chinese blood donors. The normal range was defined as ,19.2% (mean + 2 SD of normal controls, n=50).
Assay of Krebs von den Lunge-6
Serum Krebs von den Lunge-6 (KL-6) is a mucin-like high molecular weight glycoprotein. Its increased serum level has been reported to be an indicator for distinguishing patients with TINU syndrome from patients with uveitis (22) . We used ELISA to detect KL-6 levels in the serum and renal tissue of our patients (23) , and immunofluorescence (22) to investigate whether KL-6 can be a marker for identifying TINU syndrome from DATIN. Normal serum KL-6 levels were determined in the same 50 normal controls as the mCRP-Ab assay. Renal tissue adjacent to tumors was used as the normal control for the immunofluorescence assay (n=14). The number of tubules that were positively stained with KL-6 was counted under 3400 magnification and expressed as the number of positive tubules/3400.
Treatment
Prednisone (0.8 mg/kg per day) was prescribed for 6-8 weeks and tapered by 5 mg every 2 weeks until the patients were off prednisone. Four patients aged .60 years and/or who had diabetes mellitus started prednisone at 0.6 mg/kg per day. The entire prednisone treatment lasted for approximately 6 months. Ten patients (32%) received methylprednisolone (250-500 mg/d 33 days) pulse therapy followed by prednisone treatment. Cyclophosphamide (1-2 mg/kg per day) was administered to 11 patients (36%). Three patients received cyclophosphamide after the initiation of prednisone for renal dysfunction requiring hemodialysis, which associated with a profound inflammatory response (ESR$100 mm/h, CRP$50 mg/L). An additional eight patients were administered cyclophosphamide during followup for relapses of acute increases in SCr. The cumulative dose of cyclophosphamide was 4-6 g for most patients.
Follow-Up and Prognosis
Patients were scheduled for follow-up at our renal clinic monthly for the first 6 months and then every 3 months until at least 1 year after biopsy. Clinic visits included event investigation, physical examination, laboratory testing, and treatment. We performed complete blood counts, blood tests for biochemistry, ESR, and CRP levels, urinalysis, and urinary NAG and a1-MG.
Short-term renal recovery was evaluated by the percent decrease in SCr at 1 month and 3 months after biopsy. Longterm renal recovery was evaluated by eGFR at 6 and 12 months after biopsy. Patients who had an eGFR of $60 ml/min per 1.73 m 2 at 12 months were considered to have a good outcome. Those who had an eGFR,60 ml/min per 1.73 m 2 were classified as having a poor outcome. Normal renal function was defined as an eGFR$90 ml/min per 1.73 m 2 . Incomplete renal recovery was defined as an eGFR,60 ml/min per 1.73 m 2 and/or elevated levels of urinary NAG and/or a1-MG.
During the recovery phase, any acute increase in SCr by .25% within 2-4 weeks was considered an episode of AKI. An episode of AKI was considered to be a relapse of the disease after excluding common etiologies for AKI such as infection, drug hypersensitivity or toxicity, and prerenal and postrenal causes. An increase in urinary NAG and a1-MG and active ocular inflammation reinforced the diagnosis of disease relapse.
Statistical Analyses
Statistical analysis was performed using SPSS 17.0 statistical software (SPSS, Chicago, IL). Normally distributed variables were expressed as the mean 6 SD and were compared using the t test. Nonparametric variables were expressed as the median and range and were compared using the Mann-Whitney U test. Categorical variables were compared using the chi-squared or Fisher's exact tests. Correlation analysis was performed to determine factors that related to poor renal outcome and late-onset uveitis. Univariate regression followed by multivariate logistic regression using a backward stepwise elimination was performed to determine independent risk factors for poor renal outcome and predictors for late-onset uveitis. Results of the regression analyses are reported as odds ratios with 95% confidence intervals. A receiver operating characteristic curve was used to determine the most discriminative threshold for mCRP-Ab in predicting late-onset uveitis. P,0.05 was considered statistically significant.
Results
TINU Syndrome Could Be Easily Missed without Proper Follow-Up
Of the entire ATIN cohort, 31 patients were diagnosed with TINU syndrome, which accounted for 27.7% of patients with biopsy-proven ATIN and 0.7% of all individuals who had a biopsy. The mean follow-up period was 35622 months (median 37 months; range, 4-62 months).
Thirteen patients (42%) were diagnosed with TINU at the time of biopsy because uveitis occurred concurrently or before the onset of renal insufficiency. The other 18 patients (58%) developed late-onset uveitis, which occurred 2-14 months after biopsy; these patients were thus misdiagnosed as having DATIN at biopsy. The absence of longitudinal follow-up would thus have resulted in underdiagnosis of TINU by 58%.
Clinical Characteristics
The mean age of our cohort was 47.7612.1 years, with a female predominance (5.2:1). Comorbidities included hypertension (32%), diabetes mellitus (13%), thyroid diseases (29%), and history of allergies (26%). Six patients had hypothyroidism and three patients had hyperthyroidism. Hashimoto's thyroiditis was the major cause of the thyroid abnormalities.
The median time from onset of first symptoms to renal biopsy was 30 days (range, 20-150 days). The most commonly reported symptoms were fatigue, anorexia, nausea, vomiting, fever, polyuria, and nocturia. Eighteen patientswhose uveitis was bilateral, anterior, and took place between 2 months before and 12 months after biopsy-were identified as having typical uveitis. The remaining 13 patients were diagnosed as having atypical uveitis (2). Of 31 patients, 9 (29%) had ocular inflammation lasting for .6 weeks (chronic uveitis) and 8 patients (26%) presented with insidious uveitis.
Twenty patients (65%) had been exposed to various medications within 20 days before the presentation of the disease ( Figure 1 ). Manifestations of hypersensitivity, such as rash, fever, and joint pain, were seen in 7%, 58%, and 10% of the patients, respectively.
Laboratory Findings
The main laboratory findings are presented in Table 1 . Increased SCr levels were seen in all patients and five patients (16%) needed hemodialysis. Increased urinary a1-MG excretion and decreased urinary osmolality were seen in all patients. Renal glycosuria was present in 94% of patients. Approximately 50% of patients had elevated urinary NAG excretion and leukocyturia. A systemic inflammatory response was apparent in each patient and was associated with significantly elevated ESR and CRP levels.
Pathologic Characteristics
Diffuse interstitial inflammation and significant tubulitis were seen in 87% and 81% of patient biopsies, respectively. Seventy-four percent of patients had none or ,25% fibrosis of the interstitial area. The infiltrates consisted of T lymphocytes (accounting for 48%67% of all inflammatory cells), B lymphocytes (12%64%), plasma cells (11%65%), monocytes/macrophages (24%66%), and neutrophils (6% 63%). Eosinophils were seen at 5.467.2 (median 4.3; interquartile range, 0.0-31.8) cells/3200.
Immunofluorescence staining was negative for Ig or complement in the kidney biopsies in all patients. Electron microscopy examinations helped to exclude glomerular disease.
Outcome and Affecting Factors
Patients who were followed for .1 year were included in the analysis for renal outcome (n=25). Short-term renal outcome was characterized by abrupt decreases in SCr in all patients within the first month after biopsy (Table 2) . During months 1-3, 22 patients (88%) saw their rate of renal recovery decline. Only seven patients (28%) experienced sustained renal recovery during the entire year after biopsy. Eighty percent of patients developed stage 3-4 CKD at 12 months (Figure 2 ). Prolonged tubular dysfunction was seen in 88% of patients with elevated levels of urinary NAG and/or a1-MG. Altogether, 92% of patients developed CKD and/or tubular insufficiency, indicating incomplete recovery from the preceding AKI.
Compared with patients who experienced a good outcome, those with a poor renal outcome were older, had higher levels of SCr and ESR, and more exhibited prominent leukocyturia (Tables 2 and 3 ). There was no significant difference in the pathologic activity or chronicity index between the two groups. Correlation analysis showed that age (r=0.54, P=0.01), accompanied thyroid diseases (r=0.44, P=0.03), levels of ESR (r=0.47, P=0.03), leukocyturia (r=0.45, P=0.03), and SCr concentrations at biopsy (r=0.44, P=0.03) were related to the eGFR levels at 12 months after biopsy. Unfortunately, multivariate regression analysis failed to identify any of the clinical, laboratory, or histologic factors that could predict poor renal outcome.
Relapse in TINU Syndrome Might Potentiate Poor LongTerm Outcome
Patients with a good outcome had continuous renal recovery within 12 months postbiopsy, whereas those who had poor outcome failed to regain renal function after 3 months postbiopsy (Table 2) . A high relapse rate was Figure 1 . | Drugs applied in patients with TINU within 20 days before the onset of renal dysfunction (n=31). The related drugs included b-lactams (amoxicillin, cephalexin, cefoperazone, cefuroxime), meropenem, azithromycin, levofloxacin, ibuprofen, and omeprazole, which were also known to cause DATIN. DATIN, drug-induced acute tubulointerstitial nephritis; NSAID, nonsteroidal anti-inflammatory drug; TINU, tubulointerstitial nephritis and uveitis.
seen because 11 patients (44%) had an acute rise in SCr by 28%-89% on at least one occasion during the follow-up period. In addition, another seven patients (28%) had a less extensive SCr increase by 13%-23% during follow-up.
The relapse episodes of kidney injury were all accompanied by elevated urinary NAG and/or a1-MG as well as active ocular inflammation. The median time to relapse was 6 months (2-25 months) postbiopsy, when prednisone was discontinued or tapered down to 5-10 mg/d. The readministration of prednisone (15-30 mg/d) or the addition of cyclophosphamide (50 mg/d) decreased SCr levels. There was no significant difference in the clinical, laboratory, or histologic parameters when comparing patients with relapse and those without. Moreover, correlation analysis did not find any parameters that were related to disease relapse. Patients who relapsed seemed to have higher mCPR-Ab levels than those who had no relapse (29% [range, 6-55] versus 20% [range, 9-37] of positive control), but this did not reach the statistical significance (P=0.07).
Parameters that Could Predict Late-Onset Uveitis TINU Syndrome
There were no significant differences in age, sex, medication history, renal dysfunction, or histologic parameters between the TINU syndrome group and the DATIN group (Table 4) . Patients in the late-TINU group had a higher percentage of concomitant diseases and higher levels of ESR and CRP. Positive mCRP-Ab was detected not only Data are presented as n (%) or median (interquartile range). TINU, tubulointerstitial nephritis and uveitis. a ANA was weakly positive (1:100) at biopsy in four patients and maintained the same level during follow-up. Double-stranded DNA and extractable nuclear antigen autoantibodies were all negative. b ANCA was weakly positive (6) at biopsy in two patients and turned negative during follow-up. Specific antibodies including antiproteinase 3 and anti-myeloperoxidase were all negative. Figure 3A) . By multivariate regression analysis, an elevated mCRP-Ab level at biopsy was found to be an independent risk factor for the development of uveitis during follow-up (odds ratio, 14.7; 95% confidence interval, 3.4 to 64.0; P,0.001). Analysis of the receiver operating characteristic curve yielded a mCRP-Ab level of 20.2% of positive controls to predict late-TINU, with 88% specificity and 64% sensitivity ( Figure 3B ). Five patients that were diagnosed and enrolled in 2011 had serial mCRP-Ab tested over time. An SCr increase was associated with a rise in mCRP-Ab levels in two patients who relapsed during follow-up. In the other three patients in whom renal function was stable, mCRP-Ab also remained stable and at lower levels during follow-up. Furthermore, KL-6 expression by immunostaining was significantly higher among patients with acute tubulointerstitial injury compared with normal kidney (P,0.001), but there was no difference in KL-6 levels between patients with TINU and patients with DATIN (9.2%61.2% versus 10.0%61.7%, respectively; P=0.24) (Figure 4 ).
KL-6 Levels in Serum and
Discussion
Our study includes the highest number of adult patients with TINU syndrome from a single center reported to date in the literature. These patients were drawn from a prospective and longitudinally followed cohort of patients with ATIN, which represented 92% of all patients with biopsy-confirmed ATIN diagnosed over the past 6 years at the Peking University Institute of Nephrology. We found that TINU syndrome constituted 28% of the ATIN cohort, which was much higher than that reported in the literature (4.7%) (24) . More than half of the patients (58%) had lateonset uveitis and would be clinically difficult to detect unless the patients were followed longitudinally. Furthermore, in 26% of our cohort, symptoms of uveitis were subtle and subclinical, which is similar to a recent prospective study in children with TINU (25) . On the other hand, ophthalmologists have reported that up to 1%-2% of patients with uveitis have tubulointerstitial nephritis (26) (27) (28) , which itself could be an underestimation because patients with TINU may have exhibited tubular dysfunction with normal SCr levels. Together with our findings, these data suggest that TINU syndrome is significantly underdiagnosed. Therefore, patients with ATIN require long-term monitoring by both nephrologists and ophthalmologists. Patients with uveitis also require screening for tubular function to minimize the false negative diagnosis of TINU syndrome. We showed that late-uveitis TINU was clinically and pathologically indistinguishable from DATIN at biopsy. We previously reported that mCRP-Ab might be useful in distinguishing patients with TINU from patients with DATIN (21) . In this study, of patients diagnosed with DATIN, those who went on to develop late-onset uveitis (i.e., TINU misclassified as DATIN), had higher levels of mCRP-Ab compared with those who had true DATIN. Further analysis revealed that an elevated mCRP-Ab level at biopsy would serve as an independent risk factor for late-onset uveitis. A mCRP-Ab level of .20.2% was deemed "elevated" and discriminated late-uveitis TINU from DATIN at biopsy. A limitation of this test is that mCRP-Ab can be detected in several other chronic diseases such as SLE (29, 30) and chronic hepatitis C infection (31) . We also identified some discrepancy between the normative value of mCRP-Ab in this study compared with our previous report (21) . We speculate that this discrepancy was likely due to the instability of mCRP-Ab in the serum sample from the SLE patient (positive control) that had been stored for 2 years at 280°C. A recombinant antibody raised against the antigenic sequence of mCRP-Ab would detect mCRP-Ab directly and may be more useful in this respect.
The increased frequency of thyroid abnormalities and the higher levels of ESR and CRP in patients with TINU might suggest a more widespread immune disorder in these patients. This characteristic in patients with ATIN should prompt the clinician to suspect TINU. KL-6, a mucin-like high molecular weight glycoprotein secreted by type II alveolar cells found in interstitial lung disease, is another marker that is reported to be useful in distinguishing TINU from other causes of uveitis. Serum KL-6 levels have been reported to be significantly higher in patients with TINU syndrome compared with those with other causes of uveitis without nephritis. For this reason, the authors suggested that KL-6 might serve as a potential laboratory parameter for the diagnosis of TINU syndrome (23) . In our study, however, KL-6 was found to be elevated in patients with TINU and patients with DATIN, both in the serum as well in the renal tubules. Another study found increased serum KL-6 levels in patients with diabetes and enhanced tubular KL-6 staining in biopsies of diabetic kidneys (32) . Thus, KL-6 in the serum or kidneys may simply reflect tubulointerstitial injury and thus may not be helpful in differentiating TINU from ATIN of other causes.
Here, we reported that 92% of patients with TINU had incomplete renal recovery. In contrast, most reports thus far have suggested a good outcome (4-16), with only a few studies claiming prolonged renal insufficiency after TINU (2, 27, 33, 34) . This discrepancy might be due to three factors. First, approximately 60% of the reported patients were children, in whom better renal recovery is generally expected. Second, in most studies, renal outcome was assessed by SCr rather than eGFR or tubular function, which was a less accurate method for measuring renal function. Third, most of the abovementioned studies followed patients for a short time period and comprised small sample sizes.
There are several factors that may affect the long-term prognosis of TINU syndrome. We found that baseline characteristics such as older age, concurrent thyroid diseases, higher levels of SCr and ESR, and prominent leukocyturia were associated with prolonged renal dysfunction. Another important factor that could impede renal recovery was having a relapse during the repair phase after tubulointerstitial injury. Because relapses are often asymptomatic and untreated, the resulting repeated AKI would accelerate chronic progression. Few such patients with recurrent and progressive nephritis have been reported (35) . Unfortunately, we did not identify any clinical parameters that could identify those patients with relapse during follow-up in this study. There is no established standard treatment for TINU syndrome. Glucocorticoid therapy might have a beneficial effect on reducing interstitial inflammation and subsequent fibrosis (36) . In this study, all patients that received glucocorticoid therapy experienced an abrupt decrease in SCr, a finding that is in accordance with that reported in the literature (2,6,13,37-39); however, the long-term outcome was still not favorable in these patients. Therefore, more studies aimed at identifying treatment strategies are urgently needed for this disease.
Although our study is the largest reported thus far, the sample size of our patients with TINU is still somewhat limited. Given the observational features of this study, we are not able to define the advantages of various treatments. A multicenter study would thus be better suited to identifying improved diagnosis, prognostication, and treatment of this rare syndrome.
The diagnosis of TINU syndrome can be missed in a large fraction of patients with ATIN because uveitis can present well after the onset of tubulointerstitial nephritis. Elevated mCRP-Ab levels may be useful in predicting lateonset uveitis in patients that will ultimately be diagnosed with TINU syndrome. Approximately one-third of patients with TINU syndrome had relapses during follow-up, and most had incomplete renal recovery. Thus, long-term followup is needed for proper diagnosis and management of TINU syndrome. 
